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BABCOCK & WILCOX LIMITED 


BABCOCK HOUSE, FARRINGDON STREET, LONDON, £.C.4 


The illustrations show the Bailey Block 
Shipping and Packing Departments in our 
Renfrew Works, from where consignments 
are sent all over the world. The security 
of packing is in accordance with the care 
exercised in design, manufacture and erec- 
tion, to ensure years of trouble-free furnace 
life under the most severe operating con- 
ditions imposed upon the modern water 
tube boiler. 


To April 30th, 1936, there were installed 
or on order 1038 Bailey Furnaces, of which 
40°, are in Industrial Plants and the 
balance in Central Power Stations. It is 
evident that leading Engineers throughout 
the world appreciate Bailey water cooled 
furnace construction as being the cheapest 
means of ensuring continuity of operation. 
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TUBE PRODUCTS LTD (Incorporating H. 


Joyce & Co.) OLDBURY, BIRMINGHAM 


@The quality and reliability of 
10C0 ELECTRICAL INSULATION 


is world known. 


Behind it lies the knowledge and 
experience gained through years of 
systematic research. 


All productions are controlled by a 
highly qualified staff and subjected 
to rigid examination before delivery. 


Write for our booklets on 
Insulation, post free on 
application. 


NETHERTON WORKS 


INSULATION 


**LINAPEX VARNISHED CLOTHS 
AND TAPES. 


Straight cut, bias cut, seamless or stitched 
**LINAPEX” VARNISHED SILKS AND 
TAPES 
‘“FORMAPEX” MIOCARTA SHEETS 
AND TUBES (Bakelite type). 

FORMAPEX ” VARNISH. 

FORMAPE X ” VARNISHED PAPERS. 
““OCOBIND” BLACK ADHESIVE 

TAPE. 


SLOT INSULATION. 


MACNETIC SLOT WEDCE 
MATERIAL. 
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2,300 B.H.P. ENGLISH ELECTRIC FULLAGAR ENGINE USING *‘GERM"’ OIL. 


“Germ” Oils—The only lubricating oils made on the Wells-Southcombe process 
for increasing “ OILINESS’’—resist oxidation and ensure freedom from sludge. 
There are grades of ‘Germ’ Oil for every lubrication job. Made in England 
and in daily use in over 60 countries. 


GERM LUBRICANTS LTD. 


135-741, Salisbury House, London, E.C.2. Works: SALFORD, La 


Telephones: LONDON, METROPOLITAN 4283 & 1447. MANCHESTER, BLACKFRIARS 4273 & 4274. 


Telegrams: MAXOILI, LONDON. MAXOILI, MANCHESTER. 
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comes 

from infinite 
technical care 
—and 
experience 


Taylor Tunnicliff & Co. Ltd., 110 Cannon St., London, E.C.4, Factories at Hanley, Stone & Longton, Staffs. Tel. : Mansion House 7211-2 & Hanley 5272-4- 


Taste: 


STEEL PLAIN & CHEQUERED PLATES 
STEEL SECTIONS + IRON & STEEL 
MERCHANT BARS FLITCH PLATES 

HOOPS & STRIP, ETC. 


Sheets and Plates specially sheared, Bars and 
Sections Cold Sawn to dead lengths when 
required. 


Immediate deliveries from stock at the lowest 


prices. 


BROS (West Bromwich) 
EAGLE WORKS: GREETS GREEN 
WEST BROMWICH 


Qelephone: No Rlegrams Eagle, West Bromwich, 
Tipton 1611 (5 lines) 
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INFERNITE 1000 Fahr. Aluminium 
Paint is a highly successful product of Sterling 
research and specialised experience. 

“INFERNITE” gives a lastingly attractive 
finish to chimney stacks, boiler doors, 
furnaces, exhaust pipes, and other metal 
surfaces where unusual heat is encountered. 


STERLING 


THE STERLING VARNISH Co. Ltd. erm j 


Telephone: Trafford Park 2231 and 2232 


Telegrams: ‘* Dielectric, Manchester.” T H E lIOOOFr AL UMINI UM PAI NT 


“GASKOID” Jointing is 
permanently Oil and Petrol 
resisting. The material is tough 
yet supple and is used extensively 
On very important jobs. Write 
for Free Trial sample. 


“TRANSOYL" is Gaskoid 

Oil and Petrol Jointing faced 
GOLDEN with fine quality Cork. Used 
** WALKERITE "’ is extensively on Transformers and 
recognised as the ‘King’ similar applications where the 
“KROMYDE” is a high of H.P. Steam Jointings. bolt holes are some distance apart 
grade lubricated leather packing 


for service in oil at low tem- JAMES WALKER & CO, LTD. 
perature and pressure. 
“LION” WORKS WOKING SURREY 
WRITE FOR CATALOGUE H.6, PHONE, WOKING 1040 GRAMS, LIONCELLE 
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THE “ARCLIGHT” UNIVERSAL DRAFTING 


TABLE 


O CONTROL HEIGHT 
BOARD 


THE PRESSURE OF MODERN REQUIREMENTS CAN ONLY 
BE MET BY USING THE LATEST AND MOST EFFICIENT 
EQUIPMENT— LET US SEND YOU OUR NEW 8 PAGE 
CATALOGUE, ILLUSTRATING AND DESCRIBING IN DETAIL 
THE VERY IMPORTANT ADVANTAGES OFFERED BY THIS 
NEW RANGE OF DRAFTING TABLES. 


Patentees and Sole Manufacturers: 


E. N. MASON & SONS, LIMITED 


PHOTO PRINTING EQUIPMENT SPECIALISTS 
ARCLIGHT WORKS - COLCHESTER - ENGLAND 
LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON-TYNE 
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in the case of “A.E.C_—ENGLISH ELECTRIC” TROLLEY BUSES. Passengers 


appreciate their smooth silent running—and their approval has practical results. 
These vehicles are the logical choice of those municipalities wishing to modernise 


present systems or make use of existing power, while the extra mobility and 

= = 
Latest » The English Electric Co. Ltd., Traction Dept., Bradford 


on request to: Vor The Associated Equipment Co. Ltd., Southall, Middlesex 


acceleration do much to reduce traffic congestion. 


q 


THE ENGLISH ELECTRIC JOURNAL September, 


BUSHINGS 


Outdoor Bushings combining the advantages of the Condenser 
Construction with Oil Filling between the Condenser Bushing and the 
Porcelain can be supplied suitable for all voltages for both Transformer 
and Oil-Circuit Breaker service. A special feature of our design is the 
absence of cemented joints between metal parts and porcelains. 


132 kV Oil-Filled 
Condenser Type 
Outdoor Bushing 
for Transformer 
Service 


66 kV Oil-Filled 
Condenser Type 
Outdoor Bushing 
for Transformer 
Service. 


The illustration shows the H.V. side of an Outdoor Transformer fitted 
with Remote Controlled On-Load Tap Changer. It has a rating of 
7,500 KVA 3-phase 50-cycles, 60,000-—30,000 33,000 volts connected Star Star. 
This Transformer is fitted with our 66 kV Outdoor Condenser Type Oil- 
Filled Bushings and was manufactured by The English Electric Co., Ltd., 
Stafford, to whom we are indebted for permission to use this illustration 


THE MICANITE & INSULATORS CO. LTD. 


Electrical Insulation Engineers and Manufacturers 
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BROADBENT 


CENTRIFUGAL 


OIL EXTRACTORS 


RECOVERING OIL OR 
CUTTING COMPOUND 
FROM 

TURNINGS & BORINGS 
OR FOR 

THOROUGHLY DRYING 
SMALL METAL PARTS 
MANUFACTURED IN 
AUTOMATICS 


MAXIMUM 
OIL 
RECOVERY 


ALSO LARGE SIZE CENTRIFUGALS 
FOR STEEL SWARF, ETC. 


Write for Literature. 


THOMAS BROADBENT 


& SONS, LIMITED, 


HUDDERSFIELD 


Telephone : 1581 (4 lines). 
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3 sq. in. 33 kV. 
Feeder Cables 
and 
Multicore 
Cables 
installed 
in 
Central 
England. 


Our long experience, which extends 

over a period of 78 years, and IEMEN 
facilities for investigating all questions 

relating to the design, manufacture 3 

and laying of all types of under- 3kV. 
ground and submarine cables are 

at your service. CABLES 


SIEMENS BROTHERS & CO., LIMITED, 
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EDITORIAL. 


The series of articles by Mr. H. L. 
Bazalgette describing the first stage of 
the Galloway Water Power Company’s 
hydro-electric scheme is concluded in the 
first article of thisissue. The final instal- 
ment describes and illustrates the tur- 
at the Glenlee 
As the head of water at 
this station is higher than that obtaining 
at Tongland, the turbines at Glenlee 
though of smaller dimensions are of 
slightly greater output, and due to the 
different hydraulic conditions they form 
an interesting contrast to the turbines at 
Tongland. The article concludes with a 
description of the switchgear and control 
gear at the Tongland and Glenlee stations, 
the whole of which was supplied and in- 
stalled by the Company. 


bines and alternators 
Power Station. 


It is proposed to describe in a future 
number of this Journal the second stage 
of the Galloway Water Power Company’s 
hydro-electric the 
Kendoon, Earlstoun and Carsfad stations. 


scheme comprising 


Multi-cylinder 


been developed as a result of modern 


steam turbines have 
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power requirements necessitating large 
and efficient generating units operating 
at high initial steam pressures and tem- 
peratures. In the second article Mr. J. 
T. Moore describes the Company’s multi- 
cylinder impulse-reaction turbines and 
explains the considerations which have 
led the Company to adopt the pure im- 
pulse type for the high-pressure cylinder 
and the reaction type for the low-pressure 


cylinder. That this policy has been 


justified is shown by the high-efficiency 
and reliability in service of turbines of 
this design manufactured by the Company. 
It is interesting to note that the Company 
were constructing multi-cylinder turbines 
The article is illus- 


as early as 1923. 


trated by examples of multi-cylinder 
turbo-alternator sets in service in the 
power stations of various electricity 
supply undertakings. 


“Scientific Developments in Trans- 
former Construction,” by R. M. Charley 
is the title of the concluding article. In 
this the author outlines the progress which 
has taken place in transformer design 
during recent years and refers to several 
interesting and special problems of design 
and their solution. Further articles in 
subsequent issues of the Journal will 
describe several outstanding transformers 
of recent construction, and some new 
special applications of transformers. 


350 H.P. English Electric” -Hawthorn, Leslie Diesel-Electric Locomotive in operation on the 
Sudan Government Railways’ system; a second similar locomotive will shortly be put in service. 
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The Galloway Water Power Scheme. 


By H. L. BAZAGETTE, A.C.G.I1., A.M.I.C.E. 
(Concluded from Page 46, Vol. VIII, No. 2.) 


GLENLEE POWER STATION. 


Glenlee Power Station lies some 17 miles to 
the North of Tongland and discharges into the 
River Ken through a tailrace 900 yards long. 
The other four power stations in the Galloway 
Scheme are located in series on the Rivers Ken 
and Dee, but Glenlee is supplied from an artificial 
Loch, Clatteringshaws, which is situated on the 
upper reaches of the Blackwater of Dee on the 
site of one of the early victories of Robert the Bruce. 
The water is carried by a tunnel, 19,000 ft. long, 
and a pipeline to Glenlee Power Station, and the 
Frontispiece to this issue shows a view of the 
station, taken from the portal at the end of the 
tunnel and from the head of the pipeline. The 
latter is 1,700 ft. long, and consists of a single 
pipe decreasing in diameter from 9 ft. 6 in. at the 
top to 8 ft. 4 in. at a point near the Power Station, 
where it bifurcates into two 6 ft. diameter pipes, 
which supply the two turbines. The Power 
Station is a simple steel-framed structure with 
reinforced concrete walls, and comprises a main 
turbine room, a three-storey annexe, in which is 
housed the switchgear, office and living accom- 
modation. 

The layout of the turbine room is similar in its 
main features to that of Tongland, being of the 
same single-floor accessible design with the 
generators supported on concrete pedestals, and 
the governor and auxiliary apparatus located on 
the main floor. 

HypRavuLic EQUIPMENT’. 

The Power Station contains two main vertical 
shaft reaction turbines and two horizontal shaft 
reaction turbines. Each of the main turbines gives 
a maximum continuous output of 18,000 h.p. 
under a nett head of 380 ft., and each of the auxi- 
liary turbines an output of 750 h.p. under the 
same head. The main turbines run at 428 r.p.m., 
and the auxiliary turbines at 1,000 r.p.m. A study 
of the cross section in Fig. 22 will show that the 


construction of the main Glenlee turbines forms 
in some respects an interesting contrast to that 
of the Tongland turbines. 

In consequence of the higher head, they 
are of rather smaller dimensions though slightly 
greater in output, and the spiral casings consist 
of steel castings instead of being fabricated from 
mild steel plate. 

Main valves of the Company’s patent stream- 
line cylindrical balanced type are provided, and 
also relief valves which form prolongations of the 
pipelines. 

The runners, instead of being cast steel, consist 
of high-tensile propeller bronze. 

All these features, which are directly due to 
differing hydraulic conditions, are worthy of 
individual study. 

The main inlet valves are specially designed as 
a protective feature for the security of the plant. 

The cylindrical piston which forms the closing 
member of the valve, is designed as a hollow 
cylinder, so arranged that the radial and axial 
forces are completely balanced in all positions. 
Since the area of the piston head is small, the 
axial thrust on it, due to changes of pressure 
brought about by variations of flow during 
opening or closing, is also small, and the rapid 
drop in pressure, which always occurs on the 
downstream side of a valve just before complete 
closure (causing slam shutting in many valves), 
has no effect on the piston, which cannot “ slam ” 
shut. The rate of travel of the valve is deter- 
mined under all conditions by a travelling control 
screw, the pressure water having to pass round 
an increasing number of threads before reaching 
the servomotor ; this has the effect of increasing 
the path to be traversed, slows up the valve 
piston, and causes the last part of the stroke to 
be carried out very slowly. Since the piston 
moves much more rapidly during the earlier part 
of the closing-stroke the total operating period is 
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Fig. 22.—Sectional elevation through one of the Glenlee Water Turbines and Generators. 
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small, while, at the same time, “ slam ”’ shutting 
and opening is entirely eliminated. 

The main valves at Glenlee are 6 ft. inlet 
diameter and 4 ft. 6 in. outlet diameter ; Fig. 23 
shows one being lowered into position on the site. 
The valves are located inside the Power Station 
and are the main crane, which 
represents a further advantage of the single-floor 
power station design. 


accessible to 


The relief valves are also of the cylindrical 
balanced type and are constructed largely on the 
same principle as the main inlet valves. They 
are fitted to branches on the spiral casings and are 
so located that they prolong the pipeline and the 
water is thus conveyed by the quickest and most 
direct route to the tailrace. 
in synchronism with the closing of the turbine 


These valves open 


gates, and the water being discharged in the 
form of a hollow cone, quickly loses its velocity 
in air friction and reaches the tailrace as a fine 
spray ; there is, therefore, no need for a baffle 
or armouring to protect the tailrace. The valve 
consists primarily of a main body of cast steel 
with stainless steel servomotor cylinder, a piston 
of stainless steel, and an inner body of cast steel 
with stainless steel coating on the barrel and ribs 
upon which the piston slides. 


om. 


Fig. 23.—Cylindrical Balanced Main Valve for Glenlee being lowered into position. 
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By means of the relicf valves excessive pressure 
hammer in the pipeline due to load fluctuations 
is entirely avoided. 

The turbine spiral casing consists of a casting 
of high-quality steel stiffened by stay bolts of 
special high-tensile steel, which bridge the throat 
the inlet 
It is provided 
with a relief valve branch and, as in the 
the Tongland casing, it is embedded in concrete. 


gap between the two inner flanges ; 
diameter of the casing is 4 ft. 6 in. 
of 


Surmounting the casing is the fabricated gene- 
rator supporting barrel, which transmits the 
generator weight to the foundations. Fig. 24 
shows one of the spiral casing end generator 
support assemblies at Rugby Works. 

The draught tubes, through which the water 
from the turbines is discharged, are formed in the 
concrete round liners consisting of mild steel 
plates fabricated by electro-welding. They con- 
sist of curved and straight sections, which are 
varefully shaped, stiffened by ribs, and anchored 
to the concrete by steel hooks. The separate 
sections were sent to the site and there welded 
together into a complete shell. Fig. 25 shows one 
of the draught tubes assembled at Rugby. 

The main turbine runners are castings of special 
high-tensile propeller bronze, which has been 
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specially evolved to withstand erosion and is 
extensively used by the Admiralty for ships’ 
propellers. It stands up remarkably well against 
exacting conditions of suction resulting from 
varying heads and has been used by this Company 
for several large plants. 

The runner disc and rim are protected by 
shrunk-on high-tensile steel rings ; the inlet and 
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As the studs are locked in the shaft-flange and 
have clearance in the disc holes, no reamering or 
adjusting is necessary in the field when changing 
the runner. 

The turbine governors are of the Company’s 
automatic oil pressure type, and are similar to 
those installed at Tongland, which were described 
in the second article (Vol. viii, No. 2). 


Fig. 24.—Glenlee Spiral Casing and Generator support assembly at Rugby Works. 


outlet edges of the wheel are streamlined, the 
whole inside of the runner being polished to 
render it smooth and free from any casting 
irregularities, 

The runner is connected to the shaft by a rigid 
flange and the whole torque is transmitted by 
two laid-in transversal keys with interference fit, 
the fixing studs working under tensile stress only. 


The regulating mechanism and auxiliary appa- 
ratus are also on the same lines as the Tongland 
design, and need not again be dealt with in detail. 

The 750 h.p. auxiliary turbines are of the hori- 
zontal reaction type and the runners, of special 
bronze, are overhung on the generator shafts, the 
turbines having no separate bearings’ of their 
own. This overhung arrangement is found to be 
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very compact and is now generally 
the Company’s standard practice for 
horizontal units, as the joint design 
and manufacture of the hydraulic and 
electrical portions ensures a satisfactory 
working combination. 

GENERATORS. 

Each of the two main alternators is 
designed for a maximum continuous 
rating of 15,000 kVA., 0.8 P.F., 3-phase, 
50 cycles, 11,000 volts at 428 r.p.m., with 
temperature rises not exceeding those 
specified in B.S.S. 226/1925. Each 
machine is also capable of supplying, for 
line charging purposes, 50 per cent. of 
its rated kVA. at zero leading power 
factor, with positive excitation at the 
sliprings. 

To meet the requirements of the turbine 
the alternator rotor embodies a flywheel 
effect of 0.72 10° lbs./ft.2 (WR*), and 
is designed for a runaway speed 90 per 
cent. above normal, with a factor of 
safety of not less than 3.5 based on the 
ultimate strength of the materials. The 
maximum hydraulic thrust on the turbine 
runner amounts to 17.5 tons, which, 
when added to the weight of the revolving 
parts, imposes a total downward load of 
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Fig. 25.—One of the Draught Tubes for Glenlee assembled at 
Rugby Works. 


66 tons on the alternator thrust 
bearing. 


While the umbrella type of 
vertical shaft generator as em- 
ployed at Tongland Power 
Station, is superior for applica- 
tions requiring slow speed large 
diameter machines, the hydraulic 
conditions at Glenlee are such as 
to necessitate the use of rela- 
tively high speed (428 r.p.m.), 
and, consequently, small diameter 
generators. The umbrella type 
does not lend itself to these latter 
conditions because the single- 
guide bearing cannot be placed 
close enough to the plane of the 
centre of gravity of the rotor. 


Fig. 26.—Bracket for Lower Guide Bearing. 
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. Fig. 27.—Rotor for one of the Glenlee Alternators. 


For these reasons the vertical shaft generators 
at Glenlee Power Station, as will be seen from 
Fig. 22, are of the conventional two-guide bearing 
type, the thrust and upper guide bearing being 
housed in one oil pot mounted on the upper 
bracket. The thrust bearing load is thus trans- 
mitted via the upper bracket through the stator 
frame to the foundations. 

The stationary members of both the thrust and 
upper guide bearing consist of tilting pads on the 
Michell principle. Since water-cooled coils are 
immersed in the oil, external circulation is not 
required. The cover of the thrust bearing casing 
provides a seating for the exciter magnet and 
slipring brush holders. 

The lower bracket, which is shown in Fig. 26, 
serves as a housing for the sleeve-type lower 
guide bearing and, at the same time, as a support 
for the brake cylinders. Oil circulation for this 
bearing is provided by the pump supplying the 
turbine guide. The bearing can be removed 
downwards for inspection without disturbing any 
other part of the unit. The brakes can be seen 
in the photograph. 


The rotor hub, which is built up from boiler 
plate, is in two sections, the plates in each packet 
being clamped between thick endplates. The 
underside of the rotor hub is polished to provide 
a braking surface, the brakes being capable of 
bringing the rotor to rest from full speed in about 
5 minutes when supplied with compressed air at 
40/50 lbs. per sq. in. When inspecting the 
thrust bearing, the weight of the revolving parts 
can be supported by applying oil at a pressure of 
1,000 Ibs. per sq. in. to the six brake-cylinders, 
and then, if desired, by using the follow-up jack 
screws, one of which is provided alongside each 
brake-cylinder. 

The solid rotor body formed from the steel 
plates was machined all over and dovetails cut 
in the outer periphery to receive the poles. The 


body was then shrunk on to the shaft. One of the 
completed rotors is shown in Fig. 27. 

The alternators are self-ventilated by means of 
fans on the rotor and similarly to the Tongland 
machines, operate on the closed-circuit principle, 
the hot air being passed through six water-cooled 


The 


air-coolers before re-entering the fans. 
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exciters are also totally-enclosed and _forced- 
ventilated. 

The auxiliary generators are rated at 500 kW., 
400 volts, 50 cycles, 1,000 r.p.m., with an overload 
capacity of 20 per cent. for two hours, 

The stator frames are of fabricated steel con- 
struction, and the rotor bodies are hexagonal in 
shape and forged in one piece with the shaft. 

The auxiliary units are located at one end of 
the main turbine room and are fed by a branch 
Valves are 
provided so that the units may be run either 
separately or both together ; they discharge into 
the same tailrace as the niain turbines. 

Fig. 28 shows the interior of Glenlee Power 
Station. It will be noted that the concrete 
pedestals upon which the generators stand are 
circular in form and are not integral with the 
upstream wall of the Power Station building, 


pipe from one of the main pipelines. 
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as in the case of Tongland. The units have also 
a higher and more towering appearance due to 
the fundamental difference in generator design 
already described. 

It will be noticed that the arrangement of such 
auxiliaries as the governors, oil pumping sets and 
pressure receivers, filters, gauge boards, ete., is 
the same as that adopted at Tongland, all these 
items heing grouped conveniently on the station 
floor at the foot of the generator pedestals. This 
arrangement is adopted at all five Power Stations 
comprising the Galloway scheme, as it is realised 
that such uniformity contributes to operating 
efficiency. 


SWITCHGEAR AT THE TONGLAND GLENLEE 
POWER STATIONS. 


The whole of the switch and control gear in the 


AND 


Tongland and Glenlee Power Stations was manu- 
factured and installed by The English Electric 


Fig. 28.—Interior of the Glenlee Power Station, showing the two 12,000 kW, 
Water turbine-driven Alternators. 
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Fig. 29.—11,000 volt, 750,000 kV A. rupturing capacity main metalclad switchgear at 


Tongland Power Station. 


Company, who were also responsible as Main 
Contractors for the batteries, main and multicore 
cables, and the complete lighting and heating 
installations. The layouts of the control and 
switchrooms, diagrams, cable runs and schedules 
were prepared in every detail and the whole 
installation was carried out by this Company and 
its sub-contractors. 

Plate I shows the main system diagram for 
the Galloway scheme with the interconnections to 
the Central Electricity Board’s system. 

The switchgear equipment is very similar at 
both Power Stations and comprises a main 
11,000 volt switchboard, a local supply 11,000 
volt switchboard, a 400 volt switch and fuse- 
switchboard for station auxiliaries, and a similar 
110 volt board for lighting and heating. All the 
foregoing are of metalclad construction. Aswitch- 
board of the usual type is provided for the 110 
volt station battery with its charging equipment. 
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A miniature type control 
board controls the 11,000 
volt switchgear. Separate 
cubicle boards are pro- 
vided for the protective 
relays, integrating meters 
and automatic voltage 
regulators. 

The main generators 
and C.E.B. feeders are 
controlled by the main 
metalelad 750,000 kVA. 
rupturing capacity 
switchboard. This con- 
sists of “English 
Electric’ type O.L.G. 
2A. units, which are 
shown in Fig. 29. The 
construction follows the 
well - known principles 
of horizontal draw-out 
metalclad — switchgear, 
and represents the most 
up-to-date practice in 
this type of apparatus. 
Fabrication takes a 
prominent part in the 
construction, the main 
frames, switch top-plates and tanks, busbar and 
current transformer chambers being manufactured 
inthis way. The phases are separated by earthed 
metal throughout, and automatic protective 
shutters and a full set of interlocks are provided. 
The instrument transformers are accessible from 
the front of the board, and such access is simple 
and convenient. 

The circuit-breakers are solenoid operated and 
have their mechanisms enclosed in such a way that 
the speed of opening is unaffected by pressure inside 
the tank. All circuit-breakers of similar type are 
interchangeable. 

An electrically-operated lifting and _ trans- 
porting truck is used for removing circuit-breakers 
from their supporting frames, or tanks from 
circuit-breakers. A pair of “ hospital ” frames is 
provided at the end of the board, to which any 
circuit-breaker may be removed for inspection or 
repair. 
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There is a single set F 
of main busbars with a | 4 

section switch at the 
middle, but the 
generator units a second 
set of busbars pro- 
vided through which 
the generators can be 
switched on to 
pond for testing purposes. 
Circuit-breaker gases 
are conducted outside 
the building. 


The 11,000 volt local 
supply switchboard is 


a load 


fed from the main 
switchboard through 
current limiting reactors, 
and from auxiliary gen- 
erators. It willcontrol the 
supply to neighbouring 
localities, and, through 
11,000/400 volt station transformers, to the 
400 volt auxiliary board. The local supply 
board is composed of metalclad units, type 
O.L.D.1A., with a rupturing capacity of 


Fig. 31.—The 400 volt and 110 volt auxiliary and Lighting Switchboards at 


Tongland Power Station. 


Fig. 30.—11,000 volt, 100,000 kV A. rupturing capacity metalelad Switchgear for auxiliary 


and local supply at Tongland. 
100,000 kVA., and follows the same general prin- 
ciples of construction as the main switchboard, 
except that castings are employed. Fig. 30 shows 
the local supply switchboard at Tongland. 
The 400 volt and 
110 volt auxiliary and 
lighting boards are made 
up of metalclad type 
O.L.A.1. switch pillars 
and ** Combination ”’ fuse 
The Com- 


switches 


switches. 
> 


bination are 
of the Company’s well- 
known and popular type 
and comprise an iron- 
clad, airbreak  quick- 
action switch with the 
fuse cartridge mounted 
the which 


meet the most rigorous 


on blades, 
safety requirements for 
this class of apparatus. 
An illustration of one of 
these boards is shown 
in Fig. 31. 
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Fig. 32. 


Duplicate batteries, each 110 volts 500 ampere- 
hours capacity, operate the circuit-breaker and 
valve control solenoids, and, in case of failure of 
the A.C. the emergency 
lighting. 

All control, indication, metering and protective 
apparatus is located in the control room. The 
control board for all the 11,000 volt switchgear is 
of fabricated steel in the form of a desk. Control 
switches and mimic” diagrams are carried on 
the sloping front and indicating instruments are 
on the upright panels forming the back. All 
instruments, indicators and switches are of 
miniature size and are within sight and reach of 
an operator standing in front of the centre of the 
board. Automatic indication is given by means of 
lamp semaphores on the opening and closing 
of circuit-breakers, and automatic tripping is 
indicated by the illumination of a white lamp 
and audibly by a bell. Fig. 32 shows the 
control room at Glenlee. 

Relays, fuses, integrating meters and auto- 
matic voltage regulators are mounted on sheet- 
steel cubicle-type panels separate from the 
control desk. The principal types of protection 
provided are :— 


supply, automatic 
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The Control Room at Glenlee Power Station. 


Overload, by means of definite minimum 
inverse-time relays for all equipments, together 
with leakage (inverse-time) 
formers Merz - Price circulating current 
(instantaneous) and over-voltage for main gene- 


sarth for trans- 


and 


rators. 

All the apparatus in the control room has been 
designed and arranged with a view to uniform 
appearance. All switchboard surfaces, instru- 
ment cases and similar apparatus are finished 
with a special non-reflecting black. No fixing 
screens or sharp metal edges are visible from the 
fronts of the 
pleasing appearance. 

In addition to the equipment described above, 


boards, which present a most 


switchgear is provided at Glenlee Power Station 
for the supervisory control of the plant at Earls- 


toun and Carsfad Power Stations. For this 
purpose, cubicle type control boards for each of 
the latter Stations are provided at Glenlee, 
equipped with control, indicating and _ selecting 
apparatus. These boards are of the desk type and 
are located in the control room at Glenlee. 

The photograph of the control room (Fig. 32) 
was taken before these boards were installed, but 


the two desks for Earlstoun and Carsfad are 
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placed conveniently either side of the 
operator’s seat. 

This apparatus, together with the supervisory 
control equipment generally, will be described at 
at a later date in connection with the second stage 
of the Galloway Water Power Company’s hydro- 


electric scheme. 


on 


CONCLUSION. 

Glenlee Power Station was put into operation 
in March, 1935, and Tongland in May of the same 
year, thus signifying the completion of the first 
stage of the Galloway Water Power development 
programme, 


The plant at both Stations was put into con- 


71 


tinuous service with only the very minimum of 
preliminary trial and adjustment and has run 
very satisfactorily ever since. 

During the six months ended March, 1936, the 
two Stations together generated 88.5 million 
units. 

This year the Institution of Electrical Engi- 
neers held its Annual Summer Meeting in Scot- 
land and made an extensive tour of the Galloway 
scheme, including the three Stations of the 
second development, now nearing completion. 

By courtesy of The Galloway Water Power 
Company we are able to reproduce in Plate II 
a pictorial representation of 
hydro-electric scheme. 


the Galloway 


Multi-Cylinder Steam Turbines. 


By J. T. MOORE, B.Sc., A.R.T.C., A.M.Inst.C.E., A.M.I.Mar.E. 


The development of the multi-cylinder turbine 
has been the result of the general rise in recent 
years of outputs from individual machines and 
of initial steam pressures and temperatures, 
although as early as 1923 the Company was 
actually constructing multi-cylinder turbines. 

These early turbines proved beyond doubt, on 
the grounds of both reliability and efficiency, that 
the division of the turbine casing into high- 
pressure and low-pressure cylinders was a develop- 


changes. Further, the casing being small, a short 
robust rotor can be used, and this, with “‘ English 
Electric * turbines, always is designed with its 
critical speed well above its running speed. The 
design of the entire H.P. cylinder is thus well 
suited to high-temperature working, more 
especially where considerable temperature changes 
internally can occur, as in large power stations, 
with sudden changes in the electrical load. 

In some designs of multi-cylinder steam tur- 


ment on the correct lines. It is grati- ‘6 
fying to note that at the present day, 
practically all high pressure and tempera- 


ture steam turbines for outputs above 


12,500 kW. are of the two or three- 12 
cylinder design, providing full justification 
for the past policy of the Company’s 
designers, 

8 


2 


The multi-cylinder turbine has the 
great advantage that all high pressures 


Nic, 


are confined to a 
comparatively small section of the turbine. 4 


and temperatures 


PERCENTAGE Loss. 


Ret | 


The high-pressure cylinder can be made of 


Ng 
q 


symmetrical and very simple design 


resulting in a casting free from residual 


stresses, and being made of cast steel, 
there is a complete absence of distortion 
high 


as the result of temperature 


1 2 3 4 
Active Brave oR HEIGHT,IN INCHES. 


Fig. 1.—Comparative losses in High-pressure Steam Turbine Blading. 
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tution of Electrical Engineers in 1927. 


With reaction blading there isa pressure 
drop across each rotating and stationary 
stage, and this necessitates fine clearances, 
which is a natural drawback of reaction 
blading for the higher ranges of steam 
pressure. This necessity for fine clearances 
has been the reason for the development 
of end-tightening in reaction turbines, but 


contrary to the practice with impulse 


blading, it is necessary to adjust the 
axial clearances for different loads, if the 
efficiency is to be maintained. 

If set for minimum axial clearance at 
light load the clearances at loads 


approaching the maximum would be too 
great, due to the expansion of the rotor, 


for good efficiencies to be obtained, while 
if set for minimum clearances at normal 


IGENTIA 


or maximum load, fouling would result at 
light load. 


With impulse blading, on the other hand, 
there is no pressure drop across the rotating 


2 
a 
a 
a 


blades in each stage ; pressure drop occurs 
only in the stationary diaphragms. This 
eliminates the necessity for very fine blade 


clearances as in reaction turbines, and 
enables H.P. cylinders with impulse 


42 
Disc Rapius, INCHES. 


Comparative siresses in ** solid” and shrunk- 
on dises, for same loading. 


bines, the H.P. cylinder is of the pure reaction 
type or even combined impulse and reaction, but 
the Company has always avoided the use of 
reaction blading in H.P. cylinders on account 
of the small blade clearances which are necessary 
to obtain reasonably good efficiencies. The 
higher the initial steam pressure the smaller will 
be the blade heights at the H.P. end, and it 
therefore follows that the blade tip clearance 
with unshrouded blades must be very small to 
keep down the leakage over the blade tips. 
Alternatively, if the blades in high-pressure 
reaction turbines are shrouded to permit of safe 
blade tip clearances, the axial clearances must be 
kept very fine. Fig. 1 illustrates the above 
point, and is taken from the paper by A. H. Law 
and J. P. Chittenden read before the Insti- 


Fig. 2. 


blading to be designed to give ample 

clearance under all load conditions. The 
clearances, both axial aad radial, can be set fora 
particular load and no further adjustments are 
required during service running. The slight 
variations in clearances at different loads as the 
result of temperature changes, have no effect on 
the efficiency of impulse blading. 

The H.P. rotor of ‘ English Electric ’’ multi- 
cylinder turbines is notable for the fact that the 
discs are forged integral with the shaft thus 
permitting the use of normal carbon steel for the 
discs as well as the shaft. The discs, being solid 
with the shaft, are capable of withstanding much 
higher centrifugal loading without the stresses 
exceeding the safe limits. For the same con- 
ditions of loading the lower stresses in discs 
integral with the shaft in comparison with the 
stresses in separate discs shrunk on to the’ shaft, 
is shown very clearly by the curves in Fig. 2, 
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This illustration also is taken from the paper by 
A. H. Law ard J. P. Chittenden referred to 
previously. 

When large dise diameters come into question, 
alloy steels are necessary to withstand the 
resultant centrifugal stresses. Such separate 
discs, when not subject to high temperatures, 
have given every satisfaction in service but in all 
“English Electric” high-speed multi-cylinder 
turbines, they are used only when the steam 
temperature in the turbine has reached a com- 
paratively low figure. In some of the designs of 
the Company’s two-cylinder turbines, the last few 
stages in the H.P. cylindér are fitted with separate 
dises of alloy steel when these are not subjected 
to high temperatures, but in high-speed machines 
dises integral with the shaft are used without 
exception for the inlet end and the major portion 
of the H.P. cylinder. It may be argued that alloy 
steels are perfectly capable of withstanding high 
temperatures, but the policy of the Company 
is to use separate discs of this type only where 
the steam temperatures are sufficiently low to 
leave no possibility of removing the effect of the 
original heat treatment of the discs, or by causing 
the discs to expand unduly, thus making them 
loose on the shaft at speed. 

The foregoing considerations have formed for 
many years the basis of the design of the H.P. 
cylinder of “ English Electric” multi-cylinder 
turbines, these being always of the pure impulse 
type with the attendant advantages of having 
no very fine blade clearances, no adjustments 
being necessary to the clearances during running, 
no cylinder distortion as the result of a compli- 
cated design of casing, no vibration troubles due 
to the rotor having to run through a critical speed 
when starting up or shutting down, and having 
uniform heating and cooling of the rotor on 
account of its shortness and simple form. 

The low-pressure cylinder of the Company’s multi- 
cylinder turbines has various forms, each designed 
to meet special sets of conditions, but in all cases 
the blading is of the reaction type. The advantage 
of the use of reaction blading lies in the fact that 
larger steam volumes are dealt with in the L.P. 
cylinder. As a result, the blades are long and 
the blade clearances can all be sufficiently large 
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to ensure complete reliability while at the same 
time the efficiency is not affected to any appreci- 
able extent by such large clearances. This 
follows from the fact that the amount of the 
clearance, although ample for service running, is 
only a very small percentage of the blade height. 
A further and extremely important advantage of 
using reaction blading in the L.P. cylinders of 
large turbines is the resultant elimination of the 
large diaphragms which are necessary with 
impulse designs. On account of the large volumes 
of steam to be handled, such diaphragms, across 
each of which there is the full pressure drop of 
each stage, must of necessity be of massive con- 
struction to withstand the effects of the con- 
siderable bending moments set up by the difference 
in pressure on each side. There is thus a great 
bulk of metal in such L.P. diaphragms and 
with sudden temperature changes in the turbine, 
always the tendency to distort with the conse- 
quent possibility of fouling the following dise or 
moving blades or, perhaps even more serious in 
many cases, severe touching of the diaphragm 
shaft glands. Touching of the shaft glands may 
not do more in many cases than increase the 
gland clearances, with a lowering of the efficiency, 
but a continuous touching may very soon cause 
undue heating and eventually shaft distortion. 

As manufacturers of impulse turbines of the 
single-cylinder type for medium and small out- 
puts, the Company has an unrivalled experience, 
extending over many years, in the use of dia- 
phragms in impulse turbines, and their experience 
has proved that very large diaphragms must 
always be a potential source of trouble for the 
aforementioned reasons. Their elimination by the 
use of reaction blading in large L.P. cylinders does 
not, however, involve a sacrifice of efficiency, as 
prolonged tests by the Company, as well as by 
independent authorities, have shown that, neglect- 
ing the effect of blade clearances, the hydraulic 
efficiency of reaction blading is superior to that of 
impulse blading. Thus, with large steam volumes 
as in the L.P. cylinders of multi-cylinder turbines, 
where the blade clearances are of relatively 
minor importance, the overall efficiency with 
reaction blading can be maintained at a high 
figure without impairing the reliability. 
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Fig. 3.—Sectional arrangement of Two-Cylinder Impulse-Reaction Steam Turbine for medium outputs 
Single-flow Low-pressure Cylinder. 


T 


Fig. 4.-—Four 15,000 kW. Two-Cylinder Turbo-Alternator Sets in the Preston Corporation Power Station. 
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Moreover, with impulse blading in large low- 
pressure turbines, the shaft diameters at the 
diaphragm glands must be kept as small as possible 
to keep down leakage losses through the glands. 
This, with the long span shafts necessary in such 
turbines, prohibits the use in most cases of large 
diameter shafts with the first critical speed well 
above the running speed, As a rule, therefore, 
and more especially where high efficiency is 
required, the rotors of large L.P. turbines with 
impulse blading are required to run through the 
first critical speed on starting up or shutting down. 

In view of the above considerations, the 
policy of the Company has been to avoid the use 
of impulse blading in the L.P. cylinders of their 
multi-cylinder turbines and to use only reaction 
blading. On the grounds of both efficiency and 
reliability in service, this policy has been more 
than justified by the results obtained with the large 
number of their multi-cylinder machines already 
installed in this country and abroad. 

For small outputs and up to about 20,000 kW. 
at 3,000 r.p.m. with a vacuum of about 29 in., 
the L.P. cylinder is generally of the single-flow, 
single-exhaust type on the lines of the unit shown 
in Fig. 3. 

Units of this type have been supplied for the 
Ribble Power Station of the Preston Corporation 
(two 15,000 kW. sets, shown in foreground of Fig. 4), 
the Aberdeen Corporation (12,500 kW.), the Dal- 


75 


marnock Power Station of Glasgow Corporation 
(27,500 kW. at 1,500 r.p.m.), the Cawnpore 
Electric Supply Corporation, India (12,500 kW. 
and 15,000 kW. machines) and many others. 
For high vacuum and outputs in the region of 
25,000 kW. at 3,000 r.p.m. or if twin-condensers 
are specially desired at smaller outputs, the L.P. 
cylinder is of the outwards double-flow twin 
exhaust design shown in Fig.5. The L.P. rotor is 
also of the solid type with its first critical speed well 
above the running speed. Many two-cylinder 
turbines of this type are in service and two 
machines of this design can be seen in the back- 
ground of the illustration in Fig. 4. Similar 
units have installed at the Central 
Power Station of Leicester Corporation (25,000 
kW. illustrated in Fig. 6), the Banhida Power 
Station, Budapest (three 23,000 kW. machines), 
City of Athens (three 15,000 kW. machines), 
Peterborough Corporation (12,500 kW.), and 
other stations. 

For larger outputs, the L.P. rotor is built up of 
individual dises mounted and for 
3,000 r.p.m. machines the rotor is of the double- 
flow type. For outputs in the region of 30,000 kW. 
to 50,000 kW. at 3,000 r.p.m., the two halves of 
the L.P. rotor are separate and the flow is towards 
This design 


also been 


on a shaft, 


a central exhaust as shown in Fig. 7. 
has proved highly successful in service and 
30,000 kW. turbines of this type, similar to that 


\ 


Fig. 5.— Sectional arrangement of Two-Cylinder Impulse-Reaction Steam Turbine. 


Double-flow Low-pressure Cylinder with twin Exhaust Outlets. 
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shown in Fig. 8, have been running for some 
years at the power stations of West Ham and 
Bradford Corporations, and the Thornhill Power 
Station of the Yorkshire Electric Power Co. In 
passing, it may be mentioned that the 30,000 kW. 
set at West Ham has generated over five con- 
secutive years an average of 75 per cent. of the 
total units generated in the Station, and at 
Thornhill the 30,000 kW. set there has generated 
over three years an average of 95 per cent. of the 
total units generated in the station. A second 
30,000 kW. turbo-alternator set of the same 
design is at present being completed for the 
Thornhill Power Station of the Yorkshire 
Electric Power Co. and a photograph of this unit 
in the course of erection in the Shops is shown 
in Fig. 9. Two 30,000 kW. turbo-alternator sets 
with turbines of the same design are also 
in course of manufacture for the Stourport 
Power Station of the Shropshire, Worcestershire 
and Staffordshire Electric Power Co. Ltd. 
Alternatively for large outputs up to about 
50,000 kW. at 3,000 r.p.m., the L.P. cylinder would 
be generally of the design shown in Fig. 10, i.e., an 
outwards double-flow arranged with a single- 
exhaust, but which, if necessary, could readily be 
converted to a twin-exhaust arrangement. This 


meas z 4 a 
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Fig. 6— 25,000 kW. Two-Cylinder Turbo- Alternator Set at Leicester Corporation Power Station. 
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design embodies on one shaft the two half L.P. 
rotors separate in the design shown in Fig. 7, but 
each half having somewhat fewer stages in order 
to obtain a comparatively short span between 
bearings. The H.P. rotor on the other hand, has 
more stages to compensate for the smaller number 
in the L.P. cylinder, but in other respects the 
design embodies all the features which have 
proved so successful in the 30,000 kW. turbines 
at West Ham, Bradford, and Thornhill. 


For still higher outputs at high vacua the 
speed would be 1,500 r.p.m. but the design would 
remain generally similar to that shown in Fig. 10 
with a single or twin-exhaust arrangement. 


A further type of multi-cylinder turbine evolved 
by the Company is the three-cylinder design in 
which both the H.P. and I.P. cylinders are of the 
pure impulse type while the L.P. cylinder is of 
the reaction type arranged with an outwards 
double-flow rotor and twin-exhaust. The illus- 
tration in Fig. 11 shows the design of the 
25,000 kW. and 30,000 kW. turbines of this 
type which have been installed at the Blackburn 
Meadows Power Station of Sheffield Corporation 
and for which Station a third 30,000 kW. unit 
is at present in course of manufacture. 


ad 
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Fig. 7.—Sectional arrangement of a Two-Cylinder Impulse-Reaction Steam Turbine for large outputs at 3,000 r.p.m. 
Inwards Double-flow Low-pressure Cylinder, 


Fig. 8.—30,000 kW., 3,000 r.p.m. Two-Cylinder Turbo- Alternator Set at West Ham Power Station. 
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As an example of the reliability 
of the Company’s design of multi- 
cylinder turbine, it may be men- 
tioned here that the above 25,000 
kW. set at Sheffield, generated 
during last year a_ total of 
189,000,000 units, and was in 
operation for 92.7 per cent. of 
the total possible running hours 
in the year. This performance 
corresponds to an average load 
of 21,600 kW. over the above 
period and when it is remem- 
bered that the maximum output 


of the set is only 25,000 kW. | 
it constitutes a remarkably good 
record, 


For very high steam pressures 
and temperatures, the three- 
cylinder design has the advan- 
tage that the rotors are very 
short,more especially that in the | 
H.P. cylinder, the three cylinder 
casings can readily be made 


Fig. 9.—30,000 kW. Turbine in course of erection at the 
Company's Rugby Works. of the most suitable material 


eo 


Fig. 10.—-Sectional arrangement of Two-Cylinder Impulsc-Reaction Steam Turbine for large outputs at 3,000 r.p.m. 
Outwards Double-flow Low-pressure Cylinder. 
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Three-Cylinder Turbo- Alternator Set at the Blackburn Meadows Power 
Station of Sheffield Corporation. 


Fig, 12.—Two 12,500kW. Two-Cylinder Turbo- Alternator Sets at the Kemsley Mills of Messrs. Edward Lloyd Ltd. 
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Fig. 13.—Construction of Steam Turbine Impulse Blading. 


for the temperatures occurring. For example, 
with a very high initial steam pressure and 
temperature, the casing of the H.P. cylinder 
subjected to the highest temperatures could be 
made of molybdenum cast steel, that of the I.P. 
cylinder subjected to more average temperatures, 
of normal cast steel, and that of the L.P. cylinder 
where all temperatures are comparatively low, 
of close-grained cast iron, Thus, by a suitable 
choice of materials and with the very short, stiff 
rotors, distortion and vibration as the result of 
sudden temperature changes, can be eliminated. 

Industrial power stations do not generally use 
machines of large output, but even so, the com- 
pany has supplied a considerable number of 
multi-cylinder turbines for this class of work. 
In 1926 and 1928, two 12,500 kW. two-cylinder 
turbo alternator sets were installed at the Kemsley 
Mills of Messrs. Edward Lloyd Ltd., Sittingbourne, 
and these machines have given excellent service 
since their installation. One machine has actually 
been in service now for 6 years without “ opening 
up” during that period, and, moreover, has gener- 
ated more or less continuously throughout the 6 
years, being shut down on the average only on alter- 
nate Sundays. The units generated by this machine 
during the above period make the impressive figure 
of 387,500,000 units, the corresponding average 
load being of the order of 8,000 kW. 

In addition to these two 12,500 kW. turbines, 
there is also installed in the same power house a 
15,000 kW. two-cylinder pass-out turbo-alternator 
set which at the time of ordering was one of the 
largest pass-out turbines to be installed in this 
country. The general design of all three of these 
multi-cylinder turbines at Kemsley Mills follows 
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the Company’s standard practice 
with an impulse H.P. cylinder and 
a reaction double-flow L.P. cylinder. 
The illustration in Fig. 12 shows the 
two original 12,500 kW. sets. 

As an instance of the high quality 
of manufacture in the Company’s 
multi-cylinder turbines, the rotating 
blading is milled entirely from the 
solid bar with roots integral with the 
main blades. The type of blade fixa- 
tion employed for the impulse 
blading in the H.P. cylinder is shownin Fig. 13, and 
the normal type for L.P. reaction blading in Fig. 14. 

By machining the blades with roots from the 
solid it is possible to ensure that the correct design 
angles are obtained, while, at the same time, the 
solid root ensures that the blade is rigidly held in 
its correct position even under conditions of 
great temperature change. 

The diaphragms in the H.P. cylinder of 
‘English Electric’ multi-cylinder turbines, are 


Fig. 14,—Low-pressure Reaction Blading. 
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of the built-up type, enabling the 
nozzles to be very accurately made 
and assembled with a steel centre 
piece after the manner shown in 
Fig. 15. This construction gives 
an exceedingly strong diaphragm 
but of simple and symmetrical form 
not liable to distortion, more 
especially as the centre piece can 
be of material most suitable for the 
maximum steam temperatures 
occurring in the turbine. 

Resulting from the modern use 
of high steam pressures and from 
the high efficiencies now ob- 
tained with large multi-cylinder turbines, the 
steam in the final stages of the L.P. cylinder 
contains a large percentage of moisture. Much 
research work has been carried out by the Com- 
pany with a view to reducing the erosive effect of 
this moisture on the L.P. blading, and highly 
successful results have been obtained both in 
extracting as much as possible of the water from 
the steam as it passes through the L.P. blading 
and in preventing serious erosion of the rotating 
blading in the last few L.P. stages. Fig. 16 shows 
two of the methods employed for trapping the 


Fig. 


Ay 


15.— Details of * Built-up” Nozzle Construction. 


water before the following rotating row and lead- 
ing the water thus trapped direct to the condenser. 
As it is impossible to trap and extract all the 
water in the steam at any stage, means have to 
be employed to protect the moving blades in the 
final stages and the method of doing this is 
illustrated by the longest blade shown in Fig. 14, 
and the diagram in Fig. 16. The shielding on the 
inlet side of the blade is of special steel which, 
after being brazed on the blade as shown 
in the illustrations, has the property of air 
hardening to a Brinell hardness of approximately 
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Fig. 16.—Sectional Diagram illustrating method of trapping water in final low-pressure stages. 
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600, thus giving a highly resistant surface at the 
points where the water strikes the blade and 
erosion is most severe on an unshielded blade. This 
method of shielding L.P. blading has been used by 
the Company for many years with excellent results, 
and is now standard practice for the last few 
L.P. stages in all multi-cylinder turbines. As 
an example of the results obtained, a 12,500 kW. 
two-cylinder turbine installed in this country 
nine years ago, showed after five years’ operation, 
erosion of the inlet edges of the last three L.P. 
moving rows to the extent of about 7 in. to 
# in. wear. The inlet edges of the blading in 
these last three rows were then fitted with shield- 
ing and when opened up for inspection recently, 
the shielding was in practically as perfect a 


condition as when originally fitted. At the present 
rate of erosion on the shielding, the life of these 
three rows of blading should be not less than the 
life of the turbine as a whole. 

In conclusion, it cannot be too strongly em- 
phasised that reliability is all-important in power 
station practice, and it is on this ground that 
English Electric multi-cylinder turbines have 
proved their worth in service. It is not a difficult 
matter to obtain high efficiency alone on any 
carefully designed turbine, but high efficiency, 
coupled with steady reliability, is obtainable 
only when potential sources of trouble have been 
entirely eradicated. This is justly claimed for the 
Company’s multi-cylinder turbine, with its special 
combination of impulse and reaction blading. 


Scientific Developments in Transformer Construction. 
By R. M. CHARLEY, M.C., B.Sc., M.LE.E., Mem.A.LE.E. 


In The English Electric Journal’ published 
during 1928 and 1929 were several articles which 
described the evolution of transformer construc- 
tion and indicated probable developments in the 
near future, and in the issue of January, 1930, 
was a description of some of the first 132 kV. 
transformers supplied to the Central Electricity 
Board for the National Grid. It may be of 
interest to give some notes of ways in which 
practice has changed and progressed during the 
past few years and to describe some typical 
examples of modern transformers. It is proposed, 
in the first section of this article, to refer to special 
problems of design and their solution, and then 
to describe some transformers supplied for the 
Grid and systems associated with it, together with 
some further interesting examples of large 
transformers, and finally, to mention some new 
special applications of transformers. 


TRANSFORMERS ON THE GRID. 
The first transformers on the Grid were put 
into service in 1929 on the Central Scotland 
Scheme. Since that time the Grid has been 


continually expanding until now practically the 
whole country is covered by primary or secondary 
transmission lines, and about 7,400 mV.A. of 
132 kV. and about 2,900 mV.A. of 66 kV., or 
lower voltage transformers have been installed. 
In practically every instance on-load tap-changing 
equipment was provided. 


In the early days it was the policy of the 
Central Electricity Board to specify 30 mV.A. as 
the largest three-phase unit, above which capacity 
banks of single-phase units were to be used, 
although, even at that time some manufacturers 
offered to build three-phase units of even 100 
mV.A. It was not long, however, before trans- 
formers of the maximum output required for the 
Grid were supplied as three-phase units, and 
many 60 mV.A. and 75 mV.A. units have been 
installed. Banks of single-phase units were 
supplied only on the Central Scotland Scheme, 
which was the first section of the Grid. Recently, 
it has been considered that 45 mV.A. is the most 
suitable maximum size of unit. The most modern 
example of a transformer of this output for 132 
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Fig. 1. Two 20mV. 


kV. service will be described in a later section of 
this article. 
at the new Fulham power station, where they 


The units are for the Grid sub-station 


step-up the Fulham bus-bar pressure from 66 kV. 
to 132 kV. for connection to the Grid. 


LARGE NATURALLY CooLED TRANSFORMERS. 


Originally 10 mV.A. was looked upon as the 
largest naturally cooled transformer, above which 
capacity air-blast cooling was used with or without 
the addition of forced-oil circulation. To-day, a 
number of 20 mV.A. naturally cooled units are 
in service, and 40 mV.A. units with natural 
cooling only, are being built. For 20 mV.A. 
units the naturally cooled type costs about seven 
per cent. more than the forced-oil air-blast cooled 
type, and for 40 mV.A. units the difference is 
about twelve per cent. Although these figures 
indicate an appreciable extra initial cost for 
natural cooling, it must be remembered that a 
large part of the difference is reduced by the 
saving of capitalised cost of power for running 
the auxiliaries, and of supervision and main- 
tenance. Another important factor is that the 
output of the artificially cooled transformer, 
at least the output above half-load which it 
may be capable of supplying without any auxiliary 


A. Naturally-Cooled Transformers installed at the City of Sheffield yen soa 
Meadows Power Station. 


equipment running, is dependent on compara- 
tively small motors and their ancillary gear. 
In many cases the sub-station is normally un- 
attended. Taking all factors into account, the 
author urges that the extra cost for natural 
cooling, even for the larger transformers, is 
fully justified in most Fig. 1 illustrates 
two 20 mV.A. naturally cooled transformers. 

The above argument attempts to justify natural 
cooling as against air-blast cooling, but if water 
cooling is under consideration, the extra cost for 
natural cooling is much greater. In certain 
cases, as for example, where site accommodation 
is limited, or for transformers installed at power 
stations, this method of cooling may be economic- 
ally sound. For 20 mV.A. the difference in cost is 
about twenty per cent., and for 40 mV.A. it is 
about thirty per cent., but as explained above 
this difference is partly offset by the cost of 
auxiliary equipment. A typical example of a 
large transformer with forced-oil circulation and 
water cooling will be illustrated in a later section 
of this article. 

The figures given in the last two paragraphs 
refer more particularly to 33 kV. or 66 KV. 
transformers ; for 132 kV. units the percentage 
difference in cost would be somewhat higher. 
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MECHANICAL AND THERMAL PROBLEMS OF 
DEsiIen. 

In the design of large modern transformers 
it must be emphasized that the problem has 
serious mechanical and thermal features in 
addition to electrical considerations, in fact, it 
might be said that, in the larger units, the 
mechanical problem almost greater 
importance than any other. At the same time, 
it should be remembered that the mechanical, 
thermal and electrical characteristics are inter- 
dependent to a very large extent. The following 
examples illustrate how these features must be 
co-ordinated in order to produce the best design. 

COOLING ARRANGEMENT FOR LARGE CORES. 

It is essential to provide cooling ducts in a large 
core, but this must be done without detriment 
to the solidity of the core, otherwise there would 


assumes 


Fig. 2.—-Typical core as used for large Transformers. 
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be harmful effects causing increased vibration, 
and consequently noise, and further, the reliability 
of the core might be prejudiced. Since the 
co-efficient of heat transference along the plane 
of the laminations is about twenty times as good 
as it is across the laminations, it is obviously 
preferable to locate cooling ducts in a core at 
right angles to the plates. Fig. 2 illustrates 
a large three-phase core in which this is done. 
The slots in the laminations are so placed that 
the complete duct passes across the core in a 
series of steps. Fig. 3 shows the arrangement of 
the slots in detail. The illustrations show how the 
limbs are clamped with a single row of bolts, 
which construction is used up to the largest 
sizes. This design of core gives the most efficient 
cooling of the laminations, with the greatest 
possible space factor and mechanical robustness. 
COOLING OF WINDINGS IN RELATION 
TO MECHANICAL STRENGTH. 

There must be ample provision for 
cooling the windings, but in making 
this provision it must be ensured 
that the bracing of the windings is 
adequate to withstand the mechan- 
ical forces produced under short- 
circuit conditions. This feature 
applies not only to the windings 
as a whole, but to other individual 
features, such as the spacers between 
dise coils where the length of unsup- 
ported conductor must not be so 
great that it would bend under the 
mechanical force. Also the dimen- 
sions of the conductor itself must be 
chosen with due regard to the bend- 
ing stress. 

Winpincs WITHSTAND 
MECHANICAL ForcES PRODUCED 
UNDER CONDITIONS OF 
EXTERNAL SHORT-CIRCUIT. 

Perhaps the greatest difficulty in 
the design of a large transformer is 
to ensure that it will withstand the 
mechanical forces produced by a 
short-circuit on the secondary ter- 
minals with full voltage maintained 
on the primary side. With the 
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Fig. 3.—Cooling ducts for large cores. 


present large size of power stations and the vast 
interlinking between stations and systems, it is 
rarely safe to rely on any external reactance ; 
in other words, the short-circuit current through 
a transformer is limited only by the reactance of 
the transformer itself. Thus a transformer having 


10 per cent. reactance will allow ten times full load 
current to pass through it. Moreover, the mechan- 
ical force is proportional to the square of the 
current. 

The difficulty of this problem is greatly accen- 
tuated by the inclusion of tappings in the winding, 
particularly if they cover a wide range. It is 
now common practice to equip large transformers 
with on-load tap-changing gear, and 20 per cent. 
range is very commonly demanded, but sometimes, 
for special reasons concerning voltage regulation, 
perhaps due to interchange of power in both 
directions, the voltage range must be 25 per cent. 
Although this presents a 
big difficulty, it can be overcome by judicious 
arrangement of the windings with particular 
relation to the tappings. The ideal arrangement 
would be to maintain symmetry between the 
H.V. and L.V. windings under all tapping con- 
This is only partially possible, but 
much can be done to improve conditions. It has 
been the practice for many years to place the 
tappings in the centre of the column; one 
improvement is effected if the tappings are 
separated into two groups at the centre of the 
top and bottom halves of the column. Conditions 
could be made almost perfect if the arrangement 
of turns in the L.V. winding could be changed for 


or even 30 per cent. 


nections. 


Fig. 4.—Special low voltage winding with gaps. 


(For explanation see text.) 
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Fig. 5.—24 mV.A., 66 kV. Transformer winding with complicated 


connections for various service conditions. 


each tapping connection in the H.V. winding. 
Obviously, this is a practical impossibility, but 
the special English Electric scheme” goes a 
long way in that direction. Opposite each group 
of H.V. tapping coils there is a gap in the L.V. 
winding ; in practice the height of this gap is 
made about half the height occupied by the 
H.V. tapping coils. This scheme reduces the 
mechanical force to about 60 per cent. of the 
value it would have if there were two groups of 
H.V. tappings, without the special L.V. winding, 
and to about 29 per cent. of the force that would 
exist with the old arrangement of one group of 
H.V. tappings without the special L.V. winding. 
Fig. 4 shows a single-layer spiral coil in which the 
feature described above is incorporated. 


* This scheme is described in more detail in an article by 
A. T. Chadwick published in the October, 1934, issue of 
«The English Electric Journal.” 
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LARGE TRANSFORMER WITH Com- 
PLICATED CONNECTIONS AND WIDE 
RANGE OF VOLTAGE TAPPINGS. 

A striking example of a transfor- 
mer in which the problem discussed 
in the last three paragraphs assumed 
great difficulty is illustrated in Fig. 
5. The design was complicated by 
the fact that it was necessary for 
the transformer to be suitable for 
two different voltage ratios each 
with a different vector relationship, 
and in both cases an exceptionally 
wide range of on-load tap-changing 
was required. The initial service of 
the transformer was at 40 cycles 
and later at 50 cycles, with an out- 
put of 12 mV.A. at a normal voltage 
ratio of 20/11.5 kV., the windings 
being star-delta connected, and the 
on-load tap changing equipment on 
the H.V. or primary side being 
arranged to allow for a primary 
voltage variation from 17.6 kV. to 
24.2 kV., a total range of 37 per 
cent. in 19 steps. For its final 
and permanent service, the trans- 
former is capable of an output 
at 50 cycles of 24 mV.A., at a voltage ratio of 
66/20 kV., the windings being star/star connected, 
with a tertiary winding, and the same on-load 
tap-changing equipment being re-connected on 
the H.V. or primary side to give a voltage range 
on the L.V. or secondary side from 18.9 kV. 
to 25.3 kV., this being a range of 34 per cent. in 
19 steps. For both connections all parts of the 
windings are in use, but, obviously, a very large 
number of leads are necessary to enable the re- 
connection to be made. Fig. 6 shows the above 
transformer completely assembled. It is of the 
forced-oil air-blast cooled type. 

VARIATION OF IMPEDANCE AND Eppy CURRENT 
Loss. 

The special arrangement of windings described 
above is of value not only in relation to mechanical 
forces, but in limiting the variation .of the 
impedance values over a wide range of tappings 
to a reasonably low degree. In a large trans- 
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former that will be des- 
cribed later in this article, 
the impedance varied 
only 6 per cent. through- 
out the tapping range of 
24 per cent. 

The same feature has a 
beneficial effect in mini- 
mising the eddy current 
loss in the windings, 
which with the old 
arrangement of windings 
might increase to a 
serious extent with more 
and more of the tapping 
winding being cut out of 
the circuit. This effect is 
most serious in that it 
would cause local heating 
which must be prevented, 
otherwise, in course of 
time the winding would 
be damaged. re. ¢. 


TRANSIENT SURGE VOLTAGES. 


During the past few years much data has been 
collected, by research in laboratory and in the 
field, also by theoretical investigation, in regard 
to the effect of transient surge voltages on 
transformer windings. Co-ordination of the insu- 
lation of the line and transformer is an important 
consideration. The surge strength of the trans- 
former must be determined with adequate know- 
ledge of the characteristics of the line, and 
bushings must be chosen so that their impulse 
strength is lower than the transformer winding. 
Designed with the knowledge now available, 
transformers are much less susceptible to transient 
surge conditions than they were in the past, 
although obviously it cannot be guaranteed that 
they will withstand all conditions that may arise. 


NOISE AND ITs REDUCTION. 


The question of noise emanating from trans- 
formers has exercised the minds of operators and 
designers very much recently. It must be recog- 
nised that a large transformer cannot be built to 
operate with complete silence, but much can be 


24 mVA., 66 kV. Transformer installed on the North Eastern Electric 


Supply Company's system. 


done to minimise the amount of noise produced. 
The first criterion is that of flux density in the 
balancing the benefit gained against the 
increased cost the value should be reasonably low, 


core 


say, about 12,000 lines per square centimetre. 
But in addition to this feature, great care must 
be taken in the design of the core, and the clamp- 
ing of it; the multi-step construction shown in 
Fig. 1 contributes to the reduction of noise. 
Then the tank construction must be carefully 
designed so that vibration of the plates in harmony 
with the core vibration is reduced to a minimum. 
yreat care must be taken to ensure that the many 
small items on a transformer are suitably designed 
and are well fitted, otherwise a very small detail 
may cause a very disconcerting noise. 

Under some circumstances, further expenditure 
may be justified in order to reduce the noise to 
Fig. 7 illustrates a 20 
mV.A. which the Company’s 
patented noise-reducing design has been em- 
ployed. In the design of the core and windings 
and tank all the precautions mentioned in the 
last paragraph were taken. Around the outside 


an even lower level. 


transformer in 
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Fig. 7.—20 mV.A., 33kV. Naturally Cooled Transformers installed at the Bury Substation of the 
Central Electricity Board. 


of the tank is a steel shell fixed in such a way that 
there is no metallic contact between it and the 
tank ; at the bottom it rests on pads of rubber 
and at points where pipe connections pass through 
the shell, rubber washers are inserted. The annular 
space between the tank and outer shell is six 
inches and contains still air which is a good 
sound insulator. Two of these transformers have 
replaced two units of 10 mV.A. capacity which 
were also designed with low flux density in the 
core. Careful measurements of noise were made 
under similar conditions with the old and new 
transformers, and it was found that the noise 


from the new 20 mV.A. transformers was only 
about half that from the old 10 mV.A. units. 


The 20 mV.A. transformers shown in Fig. 7 
are naturally cooled and they are accommodated 
on the same foundations as the original 10 mV.A. 
units. 


An interesting feature of these transformers 
is the provision of an isolating switch on the 
H.V. side. It is located in a separate oil-filled 
chamber between the cable boxes and the main 
tank and is arranged to isolate the transformer 
from the cables and earth the transformer. 


(This article will be continued in the next issue.) 
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Mi WEDNESFIELD, Nr. WOLVERHAMPTON 
Manufacturers of 
BLACK SHEETS, CLOSE ANNEALED SHEETS, 
CR. & CA. SHEETS, PATENT FLATTENED SHEETS, 
PLATES, + THICK & UNDER, CIRCLES, Etc. 
ALSO SPECIAL DEEP STAMPING & WELDING 
QUALITY. 
WORKS - 


WEDNESFIELD STEEL CO., MIDLAND SHEET CO., 


WEDNESFIELD, Nr. WOLVERHAMPTON. BRICKHOUSE WORKS, WEST BROMWICH. 
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ASSOCIATED BRITISH 
17 Grosvenor Gardens, M D. 


The ABMTM group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the main specialities of the Associated firms, customers 
have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of the whole group. 


The abundant advantages thus provided by group co-operation 
will be obvious. The after-sales service provided is of a kind 
beyond the scope of the single manufacturer. 


For further particulars wri 


17, GROSVENOR GARDENS 


LONDON 
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London, S.W.| 
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[WESTINGHOUSE] @) 
METAL RECTIFIERS 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 
82, York Road, King’s Cross, London, N.|. 


TYPICAL 


ELECTRO-PLATING 


FIELD EXCITATION OF A.C. 


MACHINERY 


BROADCASTER & TRANS- 
MITTER POWER SUPPLY 


CABLE TESTING 


ELECTRIC VEHICLE 
BATTERY CHARGING 


ELECTROSTATIC PRECIPI- 
TATION 


X-RAY & CATHODE RAY 
TUBE POWER SUPPLY 


CATHODIC SPUTTERING 


OPERATION OF OIL 
CIRCUIT BREAKERS 


CINEMA ARC RECTIFIERS 


These are but a few of the 
applications to which Westing- 
house Metal Rectifiers may be 
put. Full descriptive literature 
is available from Dept. E.E, 
Write today. 
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A Claim to 
Expertness in 
Genealogy 


may not at first im- 
press an electrical engineer (unless 
his taste in hobbies lies in that 
direction). 


Yet a certain type of genealogy 
—that dealing with families of 
alloys rather than of human beings 
—is of vital interest to him in 
his profession. 


Of alloy families that descended 
from Copper is of primary im- 
portance, and it is in knowledge 
of the Copper alloys that Bolton's 
make their claim to expertness. 


Their knowledge of copper alloys, 
ranging from the near relation 
cadmium copper to the remote 
quaternary brasses, is wide and 
profound. 


That is one reason why it pays 
to become a Bolton customer. 


COPPER BRASS BRONZE 


ESTABLISHED 17863 


Thomas 


Head Office: 
MERSEY COPPER 
WORKS. WIONES 


wa 


BOLTON 440 


London Office : 
168 REGENT ST. 
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@ Simple to operate. 
@ Unequalled rigidity. 


@ Telescopic brace 
with instantaneous 
locking. 


@ Brace guarantees 
accurate alignment 
each time it'is 


locked. 


The illustration shows a Moto:- 
driven M.E.2. type Semi- 
Universal machine, the sturdy 
lines and perfectly grouped 
controls of which will be readily 
appreciated. 


Ask for Brochure 
N.S. 36. 


CRAVEN BROTHERS LTD. 


REDDISH - - - STOCKPORT. 


\ 
> 
; 


September, 1936. 


THE ENGLISH ELECTRIC JOURNAL 


IMPLICITY 
AFETY 
UITABILITY 


ERVICE PECIFY AND 


ATISFACTION TANDARDISE ON SILVERTOWN 
ELECTRICAL INSULATING OILS 


STANDARDISATION is a function of modern methods. Silvertown Insulating Oils are standardised 


in themselves and are also standardised upon by a majority of the leading transformer and 
switchgear makers. They are in use in thousands of modern installations in all parts of the 


world. 


SIMPLICITY, a function of standardisation, is also a function of Silvertown Insulating Oils. They 
are easily handled in, or out of, service; they are efficient and reliable. They have been 
specially developed to suit the requirements of the electrical industry and to give prolonged, 
trouble-free service. 


SILVERTOWN 
PENETROL 
(REGD.) 
HEAVY 
INSULATING OIL 
AS USED, 
SUPPLIED 
AND 
RECOMMENDED 
BY 
LEADING 
SWITCHGEAR 


MANUFACTURERS 


SILVERTOWN 
TRANSFORMER 
AND SWITCH OILS 
MEETING 
B.S.S. 148/1933 
AS USED, 
SUPPLIED AND 
SPECIFIED BY 
LEADING 
TRANSFORMER 
AND 
SWITCHGEAR 


MANUFACTURERS 


English Electric 33,000 V. (500,000 kVA. rupturing capacity) metalclad switchgear at 
Blackpool Corporation, Caroline St. Substation, containing Silvertown ‘‘ Penetrol’’ 
Heavy Insulating Oil. 


With Silvertown ‘“*PENETROL,” no preliminary heating of containers is necessary, no cavitation 
occurs, no cracks form, taping of conductors can be dispensed with, and no mechanical stresses 
arise with increased temperatures. Being fluid, Silvertown ‘‘PENETROL” is easily run into, or 
drained from, chambers and can be returned to service after an equipment overhaul. 


ilvertow 


Write for further particulars. 


MINOCO WHARF, 
WEST SILVERTOWN, LONDON, E.16. 


Contractors to The English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 
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UNIT HEADS 


for Automobile and Aeroplane production 


WE illustrate two examples of 

Single Purpose Cam Unit 
Machines. In one case the 
spindles are arranged on an 
incline, whilst in the second 
example they are horizontally 
opposed. These are merely 
representative of the wide ap- 
plication of our independently- 
driven ““Camasq”’ Unit Heads. 


| cycle of operationsis automatically controlled. 
Depression of push button starts up the heads | 
which perform their functions and return to the 
starting position; after re-loading the same pro- 
cedure is repeated. Maximum output for nominal 
outlay. Write to-day for full details of these “Camasq” 
—————— Units—or better still send us drawings of your 
components. Estimated production times will gladly 

be furnished. 


WILLIAM ASQUITH Ltd., Sandhall Works, HALIFAX 


Sole Representative for the Midlands and Southern Counties of England ; 
DRUMMOND (SALES) LTD., 8, WATERLOO STREET, BIRMINGHAM 2. 
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“MARELLI” 


(REGp. TRADE Mark) 


FRACTIONAL HORSE POWER 


POLISHING ano GRINDING MOTORS 


(A.C. 2-SPEED MODEL) 


PARTICULARS OF OTHER MODELS 
AVAILABLE ON APPLICATION 


CHUCKS FOR USE WITH THE ABOVE 


PRICES ON APPLICATION TO : 


MARELLI & Co. LTD. 


ARTILLERY HOUSE, ARTILLERY ROW, 
VICTORIA STREET, LONDON, S.W.|I. 


Telephone: VICTORIA 3476/7. Telegrams & Cables: ‘“MARELLI, LONDON.” 
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Our Service is the result 


of 136 years’ experience 
in the printing world. 


Established 1800. 


THE BISHOPSGATE PRESS 


invite your enquiries for all classes of Printing 
and Stationery, and will submit, on request, 


Specimens and Lay-outs for 


ILLUSTRATED PRICE LISTS, CATALOGUES 
AND GENERAL ADVERTISING 


Designs prepared for 


LETTER HEADINGS 
for reproduction by 


POWER RELIEF STAMPING 


“THE BISHOPSGATE PRESS” 


STRAKER BROTHERS LIMITED 


194-200, BISHOPSGATE, LONDON, E.C.2 


Telephone: BISHOPSGATE 2444 (4 lines) 
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TYPICAL 
APPLICATIONS 


Traction Motors 


(Pure Asbestos Fibre) 


INSULATED WIRES 


COILS WOUND WITH 
“LEWBESTOS” 
CONDUCTORS 

DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 
Our booklet on Modern Armature 


Winding gives practical and technical 
information. SEND FORIT NOW! 


THE LONDON ELECTRIC WIRE 


COMPANY... SMITHS, LIMITED 


Church Rood’ Leytorr, London. 


Tel: LEYTONSTONE 3636(I0 lines) Telg: LEWCOS. LONDON. 
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This English 
Electric Diesel 
Locomotive is 
lubricated with 
Texaco products 
which the L.M.S. 


use regularly. 
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More economical, 
more efficient operation. 


Dependable lubrication 


from start-up to 


maximum speed. 


One of Blackpool's new luxury rail coaches. Also lubricated by Texaco. 


THE TEXAS OIL COMPANY LTD., THAMES HOUSE, MILLBANK, LONDON, 


PRODUCERS . REFINERS . DISTRIBUTORS. One of the largest Organisations in the World. 
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